Evaluation of the use of Pycnoporus sanguineus fungus for phenolics and genotoxicity decay of a pharmaceutical effluent treatment by Watanabe, RAM et al.
  
 
 
 
Revista Ambiente & Água - An Interdisciplinary Journal of Applied Science: v. 7, n.3, 2012. 
 
ISSN = 1980-993X – doi:10.4136/1980-993X 
www.ambi-agua.net 
E-mail: ambi-agua@agro.unitau.br 
Tel.: (12) 3625-4212 
ISSN = 1980-993X – doi:10.4136/1980-993X 
www.ambi-agua.net 
E-mail: ambi-agua@agro.unitau.br 
Tel.: (12) 3625-4212 
Evaluation of the use of Pycnoporus sanguineus fungus for phenolics 
and genotoxicity decay of a pharmaceutical effluent treatment 
(http://dx.doi.org/10.4136/ambi-agua.966) 
Renata Alberto de Morais Watanabe
1
;Paulo de Tarso Ferreira Sales
1,2,
; Luiza Cintra 
Campos
3
;Telma Alves Garcia
1
 Marize Campos Valadares
4
;Fernando Schimidt
5
; 
Mariângela Fontes Santiago
1,2
 
1Department of Enzimology, Federal University of Goiás (UFG), Goiânia-GO-Brazil, 
e-mails: rewfarm@hotmail.com, paulo@tecpam.com.br, mariangelafs@gmail.com, telma@farmacia.ufg.br, 
2Programa de Pós-graduação de Engenharia do Meio Ambiente,  
Federal University of Goiás, Goiânia-GO-Brazil, 
3Department of Civil, Environmental and Geomatic Engineering,  
University College London, United Kingdom, e-mail: l.campos@ucl.ac.uk, 
4Laboratório de Farmacologia e Toxicologia Celular,  
Federal. University of Goiás (UFG), Goiânia-GO-Brazil, 
e-mail: marizecv@farmacia.ufg.br, 
5Centro Federal de Educação Tecnológica de Goiás, Goiânia-GO-Brazil, 
e-mail: schimidt99@bol.com.br 
ABSTRACT 
If not properly and efficiently treated, wastes produced by the chemical industry can 
contaminate the environment. Using fungi able to degrade organic compounds (e.g. phenol) 
seems to be a prominent method to treat pharmaceutical wastewaters, in particular, the white-
rot fungus. The aim of this work was to treat pharmaceutical effluent by the Pycnoporus 
sanguineus fungus. Three effluent samples were collected in a pharmaceutical industry. The 
production of enzymes such as laccase and manganese peroxidase was determined. Their 
production increased throughout the treatment with the P. sanguineus fungus, reaching 
maximum concentration of 4.48 U.mL
-1
 (Effluent 1), 8.16 U.mL
-1
 (Effluent 2), 2.8 U.mL
-1
 
(Effluent 3) and 0.03 Abs.min
-1
 (Effluent 2), respectively, during 96 hours of biological 
treatment. Genotoxic effects of the raw and treated effluents were also investigated using the 
in vivo mouse bone marrow micronucleus (MN) assay. Results showed the biological 
treatment reduced the frequency of MN, in a dose-dependent manner, when compared to 
untreated sample. The decreasing of around 20% and 45% of phenolics concentration was 
observed throughout the treatment, confirming that laccase production can be related to the 
degradation of toxic compounds present in the effluent. Therefore, the biodegradation by the 
P. sanguineus fungus seems a promising method for the mineralization of recalcitrant 
compounds present in pharmaceutical effluents. 
Keywords: pharmaceutical effluent, biodegradation, Pycnoporus sanguineus, laccase, Manganese 
peroxidase. 
Avaliação do uso do fungo Pycnoporus sanguineus no decaimento de 
compostos fenólicos e genotoxicidade no tratamento de um efluente 
farmacêutico 
RESUMO 
Se não for tratado de forma adequada e eficientemente, os resíduos produzidos pela 
indústria química podem contaminar o meio-ambiente. Utilizar fungos capazes de degradar 
compostos orgânicos (por exemplo, fenol), pode ser um método para tratar efluentes 
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proeminentes de insústrias farmacêuticas, em particular, os fungos da podridão branca. O 
objetivo deste trabalho foi tratar um efluente farmacêutico pelo fungo Pycnoporus 
sanguineus. Três amostras de efluentes foram coletadas em uma indústria farmacêutica. A 
produção de enzimas como a lacase e manganês peroxidase foi determinado. A sua produção 
durante o tratamento com o fungo P. sanguineus atingiu concentrações máximas de 
4,48 U.mL
-1
 (Efluente 1), 8,16 U.mL
-1
 (Efluente 2), 2,8 U.mL
-1
 (Efluente 3) e 0,03 Abs.min
-1
 
(efluente 2), respectivamente, durante 96 horas de tratamento biológico. Efeitos genotóxicos 
dos efluentes brutos e tratados também foram investigados usando o ensaio em que foi 
avaliada a formação de micronúcleos (MN) na medula óssea de camundongos. Os resultados 
mostraram que o tratamento biológico reduziu a frequência de MN, de um modo dependente 
da dose, em comparação com amostras não tratadas. A diminuição de cerca de 20% e 45% da 
concentração de compostos fenólicos foi observada em todo o tratamento, o que confirma que 
a produção de lacase pode ser relacionada com a degradação de compostos tóxicos presentes 
no efluente. Por conseguinte, a biodegradação do fungo P. sanguineus parece um método 
promissor para a mineralização de compostos recalcitrantes presentes em efluentes 
farmacêuticos. 
Palavras-chave: efluente farmacêutico, biodegradação, Pycnoporus sanguineus, lacase, manganês 
peroxidase. 
1. INTRODUCTION 
Pharmaceutical wastewaters comprise a group that, with regard to the environmental 
issues, has been given little attention for many years (Hirsch et al., 1999; Roberts and 
Thomas, 2006).  
The impact of discharging pharmaceutical effluent without treatment into rivers (Chen, 
Wang and Ding, 2008), lakes (Boyd et al., 2004), aquifers (Godfrey, Woessner and Benotti, 
2007) is quite strong, affecting both aquatic and human lives.  
Phenol is one of the main toxic compounds found in pharmaceutical wastewaters and 
other compounds like that are called phenolics. It belongs to an aromatic organic substances 
family, by biological or synthetic origin. They can found as a colorless liquid or white solid at 
ambient temperature, and it has strong and specific odours (Kumaran and Paruchuri, 1997). 
Melo et al. (2006) suggested it was necessary to evaluate the efficiency of the 
decontamination process, and comparing the toxicity of treated and untreated effluents. 
Bioassays, such as the in vivo micronucleus (MN) assay, have traditionally been used to 
assess the effluents toxicity, as well as monitoring the wastewater treatment (Wirzinger et al., 
2007). 
Using fungi able to degrade organic compounds can be a prominent method of  
pharmaceutical effluent treatment. In particular, the white-rot fungus has got an enzymatic 
system able to supporting high concentrations of toxic contaminants (Barr and Aust, 1994). 
These fungus have the ability of degrading recalcitrant organic pollutants such as 
polyaromatic hydrocarbons, chlorophenols, and polychlorinated biphenyls (Barr and Aust, 
1994). This is probably due to the low specificity of their ligninolytic enzymes, such as 
laccase, lignin peroxidase, and manganese peroxidase (McMullan et al., 2001).  
Laccase is a polyphenyloxidase able to oxidise several aromatic compounds (e.g. phenol) 
coupled with electron reduction of oxygen in water (Durán and Esposito, 1997).  
Induced and constitutive laccases are found in many fungal species, but few works have 
investigated laccases produced by members of the Pycnoporus group (Pointing et al., 2000). 
The Pycnoporus sanguineus, a white-rot fungus and comprising the Basidiomycota, was 
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recognised by biodegrading some textile dyes (Pointing and Vrijmoed, 2000, Trovaslet et al., 
2007) and lignosulphonates (Eugenio et al., 2008). This fungus could mineralize both Lignin 
(recalcitrant compound present in the lignocellulosic wood matrix) and many resistant 
pollutants (Durán and Esposito, 2000). 
Lignin and Manganese Peroxidases are produced by the majority of white-rot fungi such 
as Phanerochate chrysosporium, Trametes versicolor and P. sanguineus. Lignin peroxidase 
catalyzes the one-electron oxidation of various aromatic compounds, with subsequent 
formation of aryl cation radicals, which are decomposed spontaneously by various pathways. 
Manganese Peroxidase catalyzes the oxidation of Mn(II) to Mn(III), which in turn can oxidize 
several phenolic substrates (Sayad and Ellouz, 1995). These enzymes were used to decrease 
phenolic and non-phenolic polluants (Rodríguez et al., 2004). 
In Brazil, the country's third largest pharmaceutical and chemical pole is located in the 
State of Goiás. Within this context, part of the environmental contamination in Goiás is 
probably attributed to the pharmaceutical industry activities. This work was developed to 
evaluate the biological treatment of a pharmaceutical effluent by P. sanguineus fungi. The 
genotoxic effects of the raw and treated effluent were also investigated, using the in vivo 
mouse bone marrow MN assay. Genetic toxicology tests are assays designed to detect direct 
or indirect genetic damage induced by compounds. 
2. MATERIALS AND METHODS 
2.1. Effluent  
Three samples of 20L each were collected from a pharmaceutical industry in Goiás, 
Brazil and kept at 4° C. The sampling technique used was the composite sampling.  
2.2. Fungus and Growth Media 
The fungus used in this work was the Pycnoporus sanguineus CCT-4518 which was 
provided by the Andre Tosello Foundation, São Paulo, Brazil. The fungus was incubated in 
potato dextrose agar (PDA) media. The Petri dishes were incubated in 37° C for 6 days. 
2.3. Treatment Process 
For the treatment process, it was used 100 ml of the each effluent sample (samples 1, 2 
and 3), and the growth media with the fungus. All the samples were incubated in C24KC 
Refrigerated Incubator Shaker (Edison NJ. USA) for 24, 48, 72, and 96 hours at 150 rpm and 
28° C. The control sample was also treated in the same conditions (as a control, the growth 
media and the fungus was inoculated to the samples and after that, they were decontaminated 
at 121°C for 15 minutes). After 24, 48, 72 and 96 hours of treatment, all samples were filtered 
(filter papers) and they were stored in amber glass flasks at 4° C (adapted from Santiago, 
1999). 
2.4. Total Phenolics Determination 
Phenolis concentrations were determined by the colorimetric method using Folin-
Ciocalteu reagent (APHA, 1992). The reaction mixture was: 1000 L of effluent, 250 L of 
sodium carbonate solution (12g.L
-1
) and 25 L of Folin-Ciocalteau 2 mol.L-1. All samples 
were kept at 20°C for 30 min. The phenolics concentrations were determinated at 700 nm, in a 
spetrophotometer. The results were expressed in mg.L
-1
 of phenolics, using the calibration 
curve in the range of 0 to 14 mg.L
-1
 which was obtained using the same procedure, using 
phenol as a standard.  
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2.5. Determination of Laccase (Benzenediol: oxygen oxidoreductase, EC 1.10.3.2) 
Enzymatic Activity 
The enzymatic activities were determined in treated and untreated effluent. The control 
samples were used to detect likely interferences in the enzymatic methodology.  The laccase 
enzymatic activity was determined in duplicates at 30
o 
C for 3 min and 5 min using 1 mol.L
-1
 
Syringaldazine (4-hydroxy-3,5-dimethoxybenzaldehydeazine) as substrate. The reaction 
mixture consisted of a buffered solution of 300 L of sodium acetate 0.05 mol.L-1 (pH = 5.0), 
600 L of filtrate (previously centrifuged at 12,000 rpm during 15 min at 4°C) and 100 L of 
Syringaldazine 1 mol.L
-1
. The enzymatic activities were determined in 525 nm (absorbance). 
The reaction started by the addition Syringaldazine (ɛ525 = 6.5×10
4 
mol.L
-1
.cm
−1
) and the 
enzymatic activity was measured after 3 and 5 min later. From each value found, the control 
value was subtracted in order to remove possible disturbances of other compounds. The 
arithmetic average of the absorbance values of each treatment period was calculated.  One 
unit laccase activity was defined as the amount of enzyme causing one unit increase in 
absorbance per min per mL of the assay (adapted from Szklarz et al., 1989).  
2.6. Determination of Manganese Peroxidase (MnP, EC 1.11.1.7) Enzymatic Activity 
The activity of peroxidase dependent on Mn (II) was determined by the oxidation of red 
phenol. The reaction mixture (1.0 mL) consisted of 500 L filtrate juice, 100 L of Sodium 
Lactate 0.25 mol.L
-1
, 200 L of bovine albumine 0.5%, 50 L of Manganese Sulphate 2.0 
mmol.L
-1
, 50 L of Hydrogen Peroxide solution 2.0 mol.L-1 prepared in Sodium Succinate 
buffer 0.2 mol.L
-1
 (pH = 4.5) and 100 L of red phenol 0.1%. The mixture was incubated at 
30°C for 5 min and the reaction was stopped by adding 40 L sodium hydroxide 2.0 mol.L-1. 
The absorbance was set at 610nm and the enzymatic activity was expressed in Abs.min
-1
 
(Kuwahara et al., 1984).  
2.7. Determination of Lignina Peroxidase (LiP, EC 1.11.1.7) Enzymatic Activity  
Lignina peroxidase activity was determined by the oxidation of veratryl alcohol (310 = 
9,300 mol.L
-1
.cm
-1
). The reaction mixture (1 mL) consisted of 600 L of filtrate, 200 L of 
hydrogen peroxide, 2.0 mmol.L
-1
 and 200 L of veratryl alcohol solution 2.0 mmol.L-1  in 
sodium tartarate buffer 0.4 mol.L
-1
 (pH = 3.0). The reaction was started by adding the 
hydrogen peroxide and the appearance of veratryl alcohol oxidized was determined by 
absorbance at 310 nm (Tien and Kirk, 1984). 
2.8. Toxicity Tests 
The in vivo genotoxicity of the raw and treated pharmaceutical effluent (0.1; 0.2 or 0.3 
mL.day
-1
 per mouse) was investigated in mice (n=5) orally exposed, for 10 days, using the 
bone marrow cells micronuclei assay. The experiments were carried out on adult male Swiss 
mice (8-12 week) obtained from the Chemical Industry of Goiás (IQUEGO). All mice 
weighed between 28 g and 30 g and were kept under constant environmental conditions with 
12:12 light-dark cycle. All were fed standard granulated chow and given drinking water ad 
libitum. Animal experiments were done in accordance with Institutional Protocols of Animal 
Care. The micronuclei frequency was performed 24 hours after the exposure. 
2.8.1 Micronucleus test 
The mutagenicity of the effluents was evaluated using the micronucleus test by scoring 
1.000 bone marrow cells per each of 05 animals per treatment group, as described by 
MacGregor et al. (1987). The cells were stained with Leishman, the slides were coded, and 
the cells blindly scored by light microscope at 1000 magnification. The frequency of MN in 
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individual mice was used as the experimental unit, with variability (standard deviation) based 
on differences among animals within the same group. 
3. RESULTS AND DISCUSSION 
The higher laccase production was determined in 96 hours of treatment (4.48 U.mL-1, 
8.16 U.mL-1 and 2.8 U.mL-1) for the effluent samples 1, 2 and 3 respectively. It was not 
determined laccase production in control samples, showing the relation between fungus 
growth and enzymatic production, as studied by Garcia (2007). Laccase production during the 
treatment process is shown in Figure 1. 
 
Figure 1. Laccase production for the pharmaceutical effluents 1, 2 and 3 
treated by Pycnoporus sanguineus. 
Manganese Peroxidase enzyme production, also responsible for toxic compound 
degradation, by the P. sanguineus fungus was determinated in the treated effluent 2 (Figure 2), 
was also higher in 96 hours of treatment, equal to 0.03 ABS.min-1. The Manganese 
peroxidase production of was not detected in raw effluent 2 and in control samples.  Studies 
showed the Manganese Peroxidase production is regulated by the nitrogen and carbon 
substrate concentration and they are inversely proportional to (Linko, 1992). Therefore, the 
increasing of MNp production towards the biological treatment indicates the decreasing of 
organic compounds in the effluent (not shown in Figure 2). 
In the samples 1 and 3 and in their controls, the manganese peroxidase production was 
null. Similar results were found for the production of lignin peroxidase in the effluent samples 
1, 2 and 3 treated by the P. sanguineus fungus and their control samples (not treated).   
The pH of the samples 1 and 2 (treated effluent - Figure 3)  presents a drop (i.e. 
acidification) between 24 and 48 hours of treatment and it increased up to its initial value (pH 
= 5.5 - 6.0). For the effluent 3, the pH increased with time during whole treatment time 
(Figure 3). For the control, the pH was approximately constant and equal to 4.7, 6.4 and 4.6 
respectively for the samples 1, 2 and 3. 
According to Garcia et al. (2007), laccase tends to react differently to different substrates 
depending on the pH. The purified laccase, using syringaldazine as substrate, presented 
optimum pH in acid interval (around 4.2) and the same was observed to other laccases from 
WATANABE, R. A. M.; SALES, P. T. F.; CAMPOS, L. C.; GARCIA, T. A.; VALADARES, M. C.; 
SCHIMIDT, F.; SANTIAGO, M. F. Evaluation of the use of Pycnoporus sanguineus fungus for phenolics and 
genotoxicity decay of a pharmaceutical effluent treatment. Ambi-Agua, Taubaté, v. 7, n. 3, p. 41-50, 2012. 
(http://dx.doi.org/10.4136/ambi-agua.966) 
 
 46 
other fungi. pH range in acid interval is within the interval of optimum pH for laccase, MnP 
and LiP activities (Wesenberg et al., 2003). Figure 3 shows the treatment time that all samples 
pH values were below 7.0 (acid). However, the pH values of all samples were between 5.0 
and 6.0 at the end of treatment (at 96 hours). 
 
Figure 2. Manganese peroxidase production in the effluent 2 treated by the Pycnoporus 
sanguineus, during 96 hours. 
 
Figure 3. Variation of pH values during the biological treatment. 
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The phenolics concentration during the biological treatment can be seen in Figure 4, that 
shows the decreasing around 20% and 45% of all samples, comparing to untreated samples. 
 
Figure 4. Phenolics concentration for the pharmaceutical effluents 1, 
2 and 3 treated by the P. sanguineus fungus.  
Comparing the enzyme production and the phenolics degradation, it was observed the 
Laccase and Managese Peroxidase productions increasing, as a result of decreasing of the 
phenolics, during the biological treatment. This result confirms Laccase production can be 
related to the degradation of toxic compounds into effluents. In the same way, when the in 
vivo genotoxicity was investigated it was observed the reduction of frequencies of 
micronucleated erytrocytes from mice, in a dose-dependent manner, when it was compared to 
untreated sample (Figure 5).  
 
Figure 5. Effects of the raw (non-treated) and treated 
pharmaceutical effluent (0.1; 0.2 and 0.3 mL.day
-1
.mouse
 1
), 
per oral, for 10 days on the frequencies of micronucleated 
erytrocytes (MN) from mice (n=5). The control group received 
saline solution only. 
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Wirzinger et al. (2007) demonstrated that genotoxic assays including the MN test, can be 
applied routinely for the evaluation of the genotoxic potential of waters. 
4. CONCLUSIONS 
Based on the results, P. sanguineus fungus was able to produce high amount of laccase 
and small amount of manganese peroxidase enzymes for the treatment of the pharmaceutical 
effluent investigated in this work. The decreasing of phenolics concentration during the 
biological treatment showed P. sanguineus has a high potential of reducing the genotoxic for 
this kind of effluent, with a high laccase production during the biological treatment. 
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